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The main advantage of using projectile excitation in a reorientation experiment is that one can expect a larger effect than in the usual target·excitation method. This is because the nuclei of interest are excited by higher • Z elements-up to Z = 92. In the usual reorientation experiment, the effect In the case o.f 20 Ne,.
however, the expected effect was ~bout 70%, much larger than the corrections.
I '
For such large eff~cts the: s:econd-order perturbation approximation is
not applicable, and the deBoer~Winther program for multiple Coulomb excitation 2 )
has been used for the analysis of the experimental data. Nevertheless, the perturbation approximation is usefull for designing the experiments and to give and for the excitation of the projectile: (2) where, Z and A are the charge and mass numbers, 6E is excitation energy, and . the suffixes P and T correspond to t?e projectile and the ta;rget respectively. 
I I
The static quadrupole moment is reiated to the reduced matrix element by: eQ = -.!: -Vfi-( 2 + II m ( E2) II 2 + } 5 7
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The term K(e,t) is a function which is sensitive to the scattering angle, 8
but not very dependent on the beam energy. The advantage of using projectile excitation can be recognized from these formulae as being
In the usual experiments on target nuclei the effect has been observed 
2.. Experimental
The reorientation effects in the projectile excitation were bbserved by comparing the excitation probabilities at backward (160°) and at 90° scattering angles. A convenient way to measure the excitation probabilities of the projectile at the two different scattering angles was by comparing them with those of the target nucleus measured simultaneously. This method requires that the B(E2) values and the quadrupole moment in the target nucleus be known (or reliably estimated) to the required ~ccuracy.
In this way, the efficiencies of the particle counters have been cancelled out except. for small corrections. It was a further advantage of this method that the ratio of the excitation probability of the projectile to that of the target was less sensitive to the beam energy than the individual probabilities. The beam energy had an uncertainty of approximately two percent.
For all the target nuclei used, the reorientation effect in the target excitation was small compared with the effect in the projectile. particles and by a circular detector at a scattering angle o,f 90?-The coincidence measurements were made between the two particle counters and a Nai(Tl) counter · (5 em' x 5 em or 7.5 em x 7.5 em) at 55° relative to the beam direction. In order I to identify the particle signals from the two ·counters a time delay of about :
I 160 ns was added to the signal from the 90° particle detector relative to the signal from the back-scatter detectof. This produced two prompt peaks in thel time spectrum. The energy signals from the two particle detectors were mixed together after the slow amplifiers; the gain of the amplifiers were adjusted so that there was no overlap of the spectra. The signals for the time spectra,. parti!cle ·, spectra, and y-ray spectra, and a counter identification signal were fed into a PDP-7 computer using a multiparameter program 3 ).
A typical example of the experimental data obtained by off-line analysis is shown.in fig. 3 . The time resolution was between 15 and 30 ns depending on and the subscript distinguishes between the projectile, P, and target, T, nuclei.
From these four quantities the ratios of the excitation probability of the projectile to that of the target, R 160 and R 90 , and the double ratio ~ were calculated according to:
~=

Rl60
(90) R ( 6) where is the ratio of the photo-peak efficiencies of the Nai(Tl) counter for the y-ray energy of the projectile nucleus to that of the target nucleus.
Only two of these three ratios are independent, but the consistency among them is important in considering the magnitude of the experimental uncertainties. The double ratio ~· is less sensitive to the reorientation effect than is the single ratio, R 160 ; however, the double ratio is more important because to first order the B(E2; 0+~2+) values of the target and projectile cancel out, as do the differences in the photo-peak efficiencies of the Nai(Tl) counter.
,.,
Typical results of the experiments are shown in fig. 4 and 5 together with l) the c~lculated best-fit curves which will be discussed in the next fj section, and · · 2) the curves with no reorientation effect. reversed, and the input and output data had to be treated accordingly. As men- , 2)
Since the parameter n = ZPZT e 2 /hv for the present case is 40-50, the semiclassical approximation is expected to be well justified 5 ).
3,4,5) A correction for the finite solid angles of the particle detectors has been made by numerical integration over the detector surface. The finite target thickness correction has also been made by numerical integration, and corrections for the finite solid angle of the y detector have been made from the table   of Q  2  and Q   4 given by Yates 6 ).
6)
Since the life-times of the 2+ states of the nuclei involved in the experiment were short, the simple geometrical correction due to the spatial deviation of the origin of y emission from the target position was negligible . 22 14a ( < 0. 5 mm in the largest case of Ne or Sm). However, the effect of the moving origin was not negligible. For the y-rays in coincidence with the backscatter counter, the·correction was calculated by integration of the formula for 1 the angular distribution in the laboratory system):
This is derived from the formula,
~or th\= system fixed on the y-emitting nucleus; but neglecting higher order terms in v/c • . Fortunately, due to the angular distribution, the , . ' I actual numerical value of this correa:tion·crossed zero for y-angles around I 55 degrees. For, the y-rays in coincidence with the 90° particle counter, the / calculation of the correction is complicated and has been done numerically.
Two different arrangements of the particle counter relative to the y-counter were used to test this correction. The earlier one was a coplanar arrangement i of y-and particle counters, which r~quir.ed corrections up to 10% in the value of R 90 . The other arrangement was the one shown in fig. 2 , where the direction I ·of y-ray observation was perpendicular to the motion of the nuclei. But even in this case the corrections were still about 5%.
7)
The correction for the change of detection efficiency of the y rays due to the Doppler ·shift was approximately proportional to v/c and had a sign opposite to the previous correction. Thus it cancelled part of that correction and reduced the uncertainty due to estimation of the effective velocity.
8)
Correction for the attenuation of the y-ray angular distribution due 
.' ;!;
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The results of the parameter search are summarized in Tables 2 and 3. ,' Since the excitation probability of .Ne at each angle has been measured i relative to the target excitation probability,' the final results depend on the , I . were not explicitly taken into account. In addition, the present methodinvolves
a very large reorientation effect '(rv 7o%) and thus sh~uld be less sensitive to any other effects. It thus seems that these quadrupole moments are, indeed,
I
larger than the rotational values.
22
In Table 5 , E2 reduced matrix elements of · Ne and Ne for which data are by the rigid-rotor model. Contrary to the diagonal elements, the higher non- , .. Reference 9.
cAssumptions: Q (4+) is a value calculated from B(E2, 0+ + 2+) by the rigid rotor model. · B (EA) is r sp the single particle value.
~.
•:-.. Possible systematic errors of (±5%) have been included.
a-e See footnotes for Table 2 . XBL697-3353 c:: Table 4 .
b Present results .. dlnternal value in the present measurement (Table 2 and 3) . UCRL-18959
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